Since the end of 2001, we have conducted a project to isolate and determine entire sequences of mouse cDNA clones which encode the polypeptides corresponding to human KIAA proteins. Towards the ultimate goal of this project to clarify the biological functions of KIAA genes, we have set production of antibodies against mouse KIAA gene products based on their sequence information as the next important stage. As the first step, we developed a high-throughput system utilizing shotgun clones generated during entire sequencing of mouse KIAA cDNAs. The system consists of the following three parts: (1) Shotgun clones encoding regions suitable for production of antigens were selected using a newly developed browser system; (2) the protein-coding sequences of the selected shotgun clones were transferred into an expression vector by in vitro recombination-assisted method in a 96-well format, and expressed as glutathione S-transferase fusion proteins in Escherichia coli; and (3) the solubility of the recombinant antigens were preliminarily assessed in a small-scale culture and then large-scale production and purification was performed using glutathione-affinity beads or retrieval from polyacrylamide gels depending on their solubility. Using these systems, we successfully produced and purified 400 antigens for production of mKIAA antibodies to date. Key words: mKIAA; antigen; antibody; high-throughput; in vitro recombination-assisted method
The sequencing of the human genome was very recently declared to be essentially completed (http://www. genome.gov/). Although this is a monumental achievement in biological science, it is widely accepted that this is only the end of the beginning of a new era of biological science since much remains to be done after the completion of the human genome sequencing. An important concern is obviously to functionally annotate genes along the genome. In particular, we are most interested in functions of protein-coding genes, that is, in the characterization of proteins encoded by them. However, the human genome sequence does not necessarily provide us with an enough information to annotate human protein-coding genes, since protein-coding sequences (CDSs) are frequently divided into small pieces Communicated by Michio Oishi * To whom correspondence should be addressed. Tel. +81-438-52-3919, Fax. +81-438-52-3918, E-mail: hkoga@kazusa.or.jp by introns on the human genome. For this specific purpose, the sequence information of mature mRNA is more important to accurately predict the structures of human proteins than the genomic information. Therefore, cDNA sequencing projects have been actively pursued to complement the genomic information for this purpose by many groups world-wide because cDNA is an artificial copy of mRNA and thus conveys the sequence information of mRNA. [1] [2] [3] Having foreseen the importance of cDNA analysis 9 years ago, we conducted a human cDNA sequencing project to accumulate CDS information of unidentified human genes. 4 In our project, we focused sequencing long cDNAs (> 4 kb) encoding large proteins (> 50 kDa) because of their biological significance. 4, 5 More than 2000 human long cDNAs have been newly identified and characterized by this project to date and are systematically designated using "KIAA" plus a 4-digit number. Although the number [Vol. 10, of KIAA genes is considered to be only about 5% of the total number of human protein-coding genes, the current KIAA cDNA collection accounts for one-third of genes encoding large proteins (> 1000 amino acid residues) in the Ensembl database (http://www.ensembl.org/). Furthermore, taking into consideration the fact that KIAA cDNAs were isolated mainly from the brain, we consider that the KIAA cDNA collection is comprehensive enough to characterize large proteins produced in the brain.
To better understand the physiological function of KIAA genes and KIAA proteins, we recently initiated a project to construct genomic and proteomic resources for functional analysis of KIAA genes in animal models. 6, 7 Experiments using animals do not carry with them the ethical limitations imposed on the use of human materials, thus enabling us to apply genetic manipulation technology to elucidate the physiological roles of the genes. Among the many animal model systems currently available, we selected the mouse system as the first choice for the following reasons: (1) the mouse is one of the most widely used animals for the study of mammalian gene functions; (2) approximately 99% of mouse genes have human homologues; 8 (3) the mouse draft genome sequence is already available (http://www.ncbi.nlm.nih.gov/genome/guide/mouse/ index.html, http://www.ensembl.org/Mus musculus/); (4) mutant mouse resources are being well developed, and many lines of mutant mice are also available 9, 10 (http://imsr.har.mrc.ac.uk/, http://www.jax.org/, http: //www.emma.rm.cnr.it/); (5) it is possible to investigate the genetic linkage for quantitative differences in complex behaviors;
11 and (6) the mouse cDNA resource is also widely available to the public (http://mgc.nci.nih.gov/, http://www.gsc.riken.go.jp/e/FANTOM/, http://lgsun. grc.nia.nih.gov/cDNA/cDNA.html). We thus believe that exploration of physiological functions of mouse KIAA genes will give us insight into the physiological functions of KIAA genes in human.
Besides providing mRNA sequence information, cDNA clones serve as an indispensable reagent for the functional analyses of genes. Thus, we first attempted to accumulate mouse KIAA-homologous cDNA (mKIAA) clones as a genomic resource. We have already established a high-throughput system to select mouse KIAA-homologous (mKIAA) cDNA clones based on the end sequence information from size-fractionated cDNA libraries, entirely sequenced mKIAA cDNA clones, and released the structural features of 500 mKIAA cDNA clones to the public. 6, 7 We have launched the ROUGE database (http://www.kazusa.or.jp/rouge/) for sharing these lines of information with the research community. We are also convinced of the necessity to prepare a set of antibodies against mKIAA proteins as a proteomic resource for further extension of our project. This is because we consider that specific detection and capture of mKIAA proteins play a key role in the investigation of the physiological functions of the KIAA proteins in vivo. In this context, we started to establish a high-throughput system for the generation of anti-mKIAA antibodies in parallel with the mKIAA cDNA sequencing project. In this paper, we present our system to systematically produce recombinant antigens for mKIAA proteins for the generation of anti-mKIAA antibodies. By using this system, we have so far prepared more than 400 recombinant antigens and have already used them for the immunization of rabbits.
Selection of Shotgun Clones Encoding a Region Suitable for Production of Recombinant Antigens for mKIAA Proteins
To select appropriate shotgun clones for antigen production, we built a browser system in which various lines of information necessary for allocation of a region are used for antigen production (Fig. 1) . Since antigenicity and solubility of proteins are generally difficult to predict only from their primary structures, multiple characteristics of protein structures should be carefully checked for each mKIAA protein. [12] [13] [14] [15] [16] [17] This is a time-consuming front-end step in the production of recombinant antigens. In this context, the browser system shown in Fig. 1 was developed to enable us to readily integrate many different lines of information regarding an mKIAA protein structure. In practice, we allocated a region to be used for recombinant antigen production under the following criteria in this project; (1) a C-terminal portion of the predicted mKIAA protein was selected as the antigen region whenever possible because of its surface exposure, negative charge of carboxyl-terminus, and low occurrence of modifications, 18 2) the averaged hydrophilicity of the selected region was higher than 0.05, which was calculated from the entire amino acid residues encoded by shotgun clones by the Hopp and Woods formula, the most commonly used formula for predicting protein hydrophilicity, 14 and (3) the region should not be involved in any membrane-spanning region predicted by SOSUI 19 and was designed to contain at least 80 amino acid residues. The averaged values of hydrophilicity and length (in terms of the number of amino acid residues) of the actually selected regions were 0.18 and 164, respectively. Once the region to be produced as the antigen was specified, the browser system allowed us to allocate shotgun clones simultaneously. Because we could directly check sequence chromatograms of respective shotgun clones on the same browser, it is straightforward to move to construction of expression plasmids for the recombinant antigen (Fig. 1) .
In addition, the browser system also allowed us to check whether or not the selected region was conserved between mouse and human ( Fig. 1) . The use of this browser system thus offered many lines of information critical for allocation of a region to be used as an antigen clicking on the program icon of the mKIAA cDNA clone which we decide to select for shotgun cloning, we can see the several antigenic factors together with cDNA (1) and protein (2) sequence information from both human and mouse KIAA genes. Available information are membrane-spanning region predicted by SOSUI (3), hydrophilicity (4), surface probability (5), flexibility (6), predicted secondary structures (7), and antigenicity index. (8) [12] [13] [14] [15] [16] [17] 19 We can also see the spanning region of each shotgun clone (9) . The numbers in parentheses are corresponding to the numbers in Fig. 1 . This view is overview, however, we can magnify the area in which we are interested. We can also view the entire original sequence chromatograms by clicking the corresponding shotgun bar. This window may help us to select the appropriate frame of destination vector. The bar in the window indicates the 5 flanking sequence of an attB1 recombination recognition site.
for each mKIAA protein and greatly expedite selection of a shotgun clone to be used for construction of the expression plasmid of the recombinant antigen.
Overall Strategy of Construction of Expression Plasmids for Glutathione S-transferase (GST)-fused mKIAA Proteins
Another time-consuming and labor-intensive process in the production of recombinant antigens is the construction of expression plasmids for recombinant antigens of multiple proteins. In a conventional method, ligation-assisted cloning with a product of polymerase chain reaction (PCR) or a restriction fragment was used for this purpose. 20 However, we did not consider it reasonable to apply this conventional method for high-throughput production of recombinant antigens, since parallel construction of expression plasmids for many recombinant antigens is almost impossible in practice. Thus, we had to develop a new method which enabled us to generate multiple expression plasmids in parallel. Figure 2 shows a flowchart of this construction method of expression plasmids for recombinant antigens of mKIAA proteins. Shotgun clones had been accumulated during the process of entire mKIAA cDNA sequencing as described in our previous reports 6 and harbored 0.8-to 1.0-kb fragments of each mKIAA cDNA in a modified pBluescript II SK vector (STRATAGENE, La Jolla, CA), called pBS2SK-EXPSB, in which the in vitro recombination sites (attB1 and attB2 sites) were placed adjacent to an Sma I site in the multiple cloning sites (Fig. 1) . 6 In our project, glutathione S-transferase (GST) was selected as a fusion partner to mKIAA proteins simply because GST is a widely used tag for soluble recombinant antigen production in Escherichia coli. 21 Thus, we constructed a set Outline of the strategy to construct GST-mKIAA fusion protein expression plasmid by the in vitro recombination-assisted method. A) 0.8-to 1.0-kb shotgun fragments derived from whole mKIAA plasmid DNA were ligated into the dephosphorylated Sma I-digested pBS2SK-EXPSB vector described previously. 6 Since templates for sequencing were obtained by direct colony PCR, the remaining PCR products were recycled for recombination reactions to construct GST-mKIAA fusion protein expression plasmids.
To minimize the chance of mis-incorporation during PCR reaction, PCR amplification was performed using LA Taq polymerase (TAKARA, Shiga, Japan) since this is known to have higher fidelity than conventional Taq polymerase, and the number of PCR cycles was kept 20. First, the BP reaction was performed to create an entry clone from the PCR products. Subsequently, the resultant entry clone containing the PCR fragment was used for LR reaction. These reactions were performed in a single-tube format in principle according to the instructions provided by Invitrogen. Destination vector pGEX-4TDES for LR reaction was constructed by inserting an attR1-ccdB-Cm r -attR2 fragment (Invitrogen Corp., Carlsbad, CA) into an Sma I site of a pGEX-4T-1 vector (Amersham, Piscataway, NJ). Am r , Gm r , and Cm r are abbreviation for ampicillin-, gentamicin-, and chloramphenicol-resistance, respectively. The ccdB gene encoding a toxin targeting the essential DNA gyrase of E. coli and the phage lambda recombination sites (attB, attP, attL, and attR) are also indicated in this figure. B) Six different reading frames of the destination vector were prepared for adaptation to every shotgun clone. Most recently we also constructed pGEX-6PDES which derived from pGEX-6P-1 (Amersham, Piscataway, NJ) encoding PreScission TM protease recognition sequence, and applied to the latest 27 mKIAA shotgun clones. The GST-fused mKIAA antigens produced from these new constructs enabled us to elute mKIAA antigen from glutathione Sepharose-column by protease cleavage leaving the GST moiety on the column (data not shown). We decided to apply this strategy to the next stage of mKIAA protein purification since the lack of a GST moiety is preferable for the production of antibodies. We are currently preparing the MOUSE database, the details of each GST-mKIAA antigen will become available through our web site in the near future.
of in vitro recombination-compatible vectors which were designed to direct the synthesis of polypeptides encoded by shotgun clones as GST-fusion proteins in E. coli. These vectors, conventionally termed the destination vectors by Invitrogen, were constructed by the insertion of an attR1-ccdB-attR2 cassette (Invitrogen Corp., Carlsbad, CA) into the Sma I site of a pGEX-4T-1 vector (Amersham, Piscataway, NJ). In practice, 6 destination vectors were prepared so as to accept shotgun clones in any orientation and any reading frame (Fig. 2) . In combination with this set of the destination vectors, mKIAA shogun clones were readily recycled for GST-fusion protein production using BP and LR recombination reactions, as shown in Fig. 2 . 22 To reduce the number of the rounds of bacterial transformation, we performed these recombination reactions in a single-tube format in principle according to the instructions provided by Invitrogen. This strategy has two major advantages over the conven-tional methods using ligation-assisted cloning following either PCR reaction or isolation of a restriction fragment of mKIAA cDNA clone: (1) because we had a set of shotgun clones covering the entire insert region of each mKIAA cDNA clone, a shotgun clone encoding a region to be produced could be easily identified and the shotgun cDNA fragment could be readily transferred to the expression plasmid of GST-fused mKIAA protein in a correct reading frame by the in vitro recombination reaction; and (2) there is no need to design and synthesize the primers for PCR of the region to be amplified. This strategy greatly simplified the construction of expression plasmids for GST-fused mKIAA proteins, particularly in combination with a bioinformatics tool described above. Once the shotgun clones to be manipulated are allocated, it is quite straightforward to convert multiple shotgun plasmids into corresponding GST-fusion protein expression plasmids in parallel, e.g., in a 96-well plate.
Small-scale Production of GST-fused mKIAA Proteins in a 96-well Format
Because the expression plasmids for GST-fused mKIAA proteins were generated in a 96-well plate as described above, they were first introduced into E. coli DH5α cells (Novagen, Madison, WI) also in a 96-well plate, and then recovered with a MAGNIA plasmid preparation robot (TOYOBO, Osaka, Japan). For actual production of recombinant antigens, the recovered expression plasmids were then subjected to transfomation of E. coli Rosetta (pLysS) cells (Novagen, Madison, WI), a BL21 derivative designated to enhance the expression of eukaryotic proteins containing codons rarely used in E. coli, in a 96-well plate.
Expression of GST-fused mKIAA antigens was tested by culturing E. coli cells in 300 µl of LB medium in a 96-well plate format. The first preliminary expression experiment was done to evaluate the production level of each GST-fused mKIAA antigen. In this experiment, we compared staining patterns on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of all E. coli proteins harboring expression plasmids for their respective GST-fused mKIAA antigens with that of vehicle E. coli proteins under the same culture conditions. If an unusually strong band was seen in the staining pattern, it was taken as an indication that the production level of the GST-fused mKIAA antigens was acceptable. Furthermore, just in case the apparent molecular mass of the protein in the unusually strong band deviated considerably from the predicted one, the produced protein was excluded from further experiments. Subsequently, the second preliminary expression experiment was done to evaluate whether or not the produced GST-fused mKIAA antigens could be subjected to glutathione-based affinity purification. For this purpose, we established an easy and rapid assay, hereafter simply designated as "solubility assay," which enabled us to assess not only the solubility but also the glutathione-binding capability of the GST-fused mKIAA antigens in a high-throughput manner. A conventional method based on protein blot analysis using anti-GST antibody includes multiple steps and is thus time-consuming. 23 In addition, detection using anti-GST antibody does not necessarily reflect the binding specificity to glutathione. 24 To faithfully check the feasibility of the glutathione-based affinity purification in practice, we devised this solubility assay based on the capture of the GST-fused mKIAA antigens by glutathione immobilized on a solid phase followed by detection of peroxidase-conjugated anti-GST antibody. 25, 26 The experimental details of this assay are described in the legend of Fig. 3 . The amounts of the soluble recombinant antigens with glutathione-binding ability were semi-quantitatively expressed as absorbance at 405 nm (A 405nm ), which were row outputs of the solubility assay.
Purification of GST-fused mKIAA Antigens
Based on the results of the solubility assay, we took two different approaches for preparation of GST-fused mKIAA antigens, depending on the amount of available soluble recombinant antigens. When the solubility assay gave an A 405nm value larger than 0.25, E. coli Rosetta (pLysS) cells harboring the expression plasmid were cultured in 10 ml of LB medium containing 200 µg/ml ampicillin and 5 µg/ml chloramphenicol for 15 hr at 37
• C, and then transferred to 500 ml of the same medium containing 0.1 mM isopropyl β-d-thiogalactoside (IPTG) and cultured for further 15 hr at 18
• C. The GST-fused mKIAA antigens extracted in the soluble fraction were purified on glutathione-sepharose beads as described.
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Two hundred and twenty out of 400 GST-fused mKIAA antigens processed so far (55%) were produced as soluble proteins and thus purified as described above. The recovered amounts of the GST-fused mKIAA antigens were 0.4 mg to 16 mg (3.0 mg on average) by this method.
On the other hand, when the solubility assay gave an A 405nm value smaller than 0.25, E. coli Rosetta (pLysS) cells harboring the expression plasmid were cultured in 4 ml of LB medium containing 200 µg/ml ampicillin and 5 µg/ml chloramphenicol for 15 hr at 37
• C, and then transferred to 100 ml of same medium containing 1 mM IPTG and cultured for further 3 hr at 37
• C. After removal of soluble proteins as described in the legend of Fig. 3 , the insoluble proteins were solubilized with a sample buffer for SDS-PAGE and analyzed by 12% SDS-PAGE. After visualization of proteins by copper negative staining (Copper Stain; Bio-Rad, Hercules, CA), the protein band was excised and then subjected to electro-elution with Model 422 apparatus (Bio-Rad). We allocated protein bands to be excised as described in the first preliminary expression experiment. One hun-[Vol. 10, dred and eighty GST-fused mKIAA antigens were prepared and purified in this way. Using this method, we could recover 0.5 mg to 8.4 mg (1.7 mg on average) of the recombinant antigens. Typical SDS-PAGE patterns of the recovered soluble and insoluble GST-fused mKIAA antigens are shown in Fig. 3D . From the experience of production of more than 400 GST-fused mKIAA antigens, we have realized that some GST-fused mKIAA antigens could not be produced in sufficient amount in E. coli cells in either soluble or insoluble form. In particular, we found that the abundance of serine residues in mKIAA antigen was well correlated with the success rate of production of soluble GST-fused mKIAA antigens in E. coli; if the content of serine residues in mKIAA antigen is higher than 15%, the GST-fused mKIAA antigen is unlikely to be overproduced in E. coli. We also noted that the presence of amino acid regions revealing more than 80% occupancy of either glutamate, leucine, or proline residues was unfavorable for overproduction of GST-fused proteins. Although these were only empirical laws, we considered it A) Flow diagram of the steps for expression and purification of the GST-mKIAA fusion proteins. Nearly 96 selected shotgun fragments were simultaneously transferred into an expression vector using BP and LR reactions in a 96-well plate, followed by transformation into E. coli DH5α cells (Novagen, Madison, WI). After single colonies were picked up, their insert sizes were compared to the original PCR products on agarose gel electrophoresis to eliminate the risk of accidental selection of wrong clones during these steps. These PCR products were also used for sequence analysis to confirm their sequence integrity. Robotically isolated plasmid DNAs were then used for transfomation into E. coli Rosetta (pLysS) (Novagen, Madison, WI) in the same 96-well format. Expression of the fusion proteins was tested in the 96-well format as described in (B). The solubility of the fusion proteins were also tested by solubility assay in the same format as described in (C). GST-mKIAA fusion proteins were differently purified according to the results of the solubility assay. B) A typical result of first preliminary expression experiment. E. coli Rosetta (pLysS) cells harboring the expression plasmid were cultured in 300 µl of LB medium containing 200 µg/ml ampicillin and 5 µg/ml chloramphenicol for 16 hr at 37 • C, subsequently diluted to one-tenth in 300 µl of the same medium containing 0.2 mM isopropyl β-d-thiogalactoside (IPTG) and cultured for further 1.5 hr at 37 • C. Following centrifugation, cell pellets were resuspended in 50 µl of TBS (25 mM Tris-HCl, pH 8.0, 0.15 M NaCl), then added 25 µl of 3 × SDS sample buffer [150 mM Tris-HCl, pH 6.8, 6% SDS, 30% glycerol, 3% β-mercaptoethanol (β-ME), and 0.06% BPB]. One-tenth of the resuspended cell pellets (7.5 µl) was resolved on 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and the gels were then stained with Coomassie Brilliant Blue (R-250; Wako Pure Chemicals, Osaka, Japan). The positions of the molecular mass markers (in kDa) are indicated on the right of the each panel. Corresponding mKIAA numbers are indicated on the top of the each lane. C) Representative results of the solubility assay. E. coli Rosetta (pLysS) cells harboring the expression plasmid were cultured in 300 µl of LB medium containing 200 µg/ml ampicillin and 5 µg/ml chloramphenicol for 16 hr at 30 • C, subsequently diluted to one-tenth in 300 µl of the same medium containing 0.1 mM IPTG and cultured for an additional 1.5 hr at 25 • C. Following centrifugation, cell pellets were lysed in 100 µl CelLytic B II (Sigma, St. Louis, MO) and soluble proteins were extracted from the cell pellets. After dilution with TBS, one-hundredth of the diluted soluble proteins were then captured by immobilized glutathione on a 96-well plate (EXIQON, Vedbaek, Denmark). The captured soluble proteins were detected by peroxidase conjugated anti-GST antibody (Amersham, Piscataway, NJ), followed by color development (blue-green) using 2,2 -azinobis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS; KPL, Inc., Gaithersburg, MD). A 405nm was determined with a microplate reader after a 6-min peroxidase reaction. A 405nm is indicated on the left. The corresponding mKIAA numbers are indicated on the bottom of the each lane. A 405nm = 0.25, limited threshold of the solubility, is indicated by a dash line. D) Representative results of the purified proteins. After judgment by the solubility assay, E. coli Rosetta (pLysS) cells revealed A 405nm ≥ 0.25 were cultured in 10 ml of LB medium containing 200 µg/ml ampicillin and 5 µg/ml chloramphenicol for 15 hr at 37 • C, subsequently transferred to 500 ml of the same medium containing 0.1 mM IPTG and cultured for an additional 15 hr at 18 • C. Following sonication of the cell pellet in TBST-E-β buffer containing 0.02% Tween 20, 1 mM EDTA, and 0.2% β-ME, GST fusion protein was captured to 1 ml of glutathione sepharose beads (50% slurry) (Amersham, Piscataway, NJ) then eluted by 6 ml of glutathione buffer containing 10 mM glutathione, 0.1 M Tris (pH 8.0), and 0.2 M NaCl. On the other hand, E. coli Rosetta (pLysS) cells where A 405nm < 0.25 were cultured in 4 ml of LB medium containing 200 µg/ml ampicillin and 5 µg/ml chloramphenicol for 15 hr at 37 • C, subsequently transferred to 100 ml of the same medium containing 1 mM IPTG and cultured for an additional 3 hr at 37 • C. Following sonication of the cell pellet, the cell pellet was extensively washed with modified TBST-E-β buffer containing 4% TX-100. Residual pellet was resuspended in 1 × SDS sample buffer (50 mM Tris-HCl pH 6.8, 2% SDS, 10% glycerol, 1% β-ME, and 0.02% BPB) and electrophoresed on 12% SDS-PAGE. After negative staining (Copper Stain; Bio-Rad, Hercules, CA), the protein band was excised then the protein was eluted by electro-elutor (Model 422; Bio-Rad, Hercules, CA). Small amounts of purified proteins were resolved on 12% SDS-PAGE to confirm purity. Molecular mass markers (in kDa) are indicated on the left of the panel. The corresponding mKIAA numbers are indicated on the top of the each lane.
safe to select a region without any of these risk factors for the production of GST-fused protein in E. coli.
In this manuscript, we introduced our system for the preparation a large numbers of GST-fused mKIAA antigens utilizing E. coli as an expression host. We already inoculated these 400 GST-fused mKIAA antigens to rabbits, purified the rabbit anti-mKIAA antibodies, and are now evaluating the affinity and specificity of the antibodies. In addition, we are currently preparing the MOUSE database to share the information regarding mKIAA proteins and their recombinant antigens with the research community.
